Introduction
One of the factors that can affect the disease progression in human immunodeficiency virus-1 (HIV-1) infected individuals is the alteration in the cytokine level. To some extent, this cytokine profile depends on the virological, immunological features and the presence or absence of opportunistic viral infections in an infected individual. During the HIV-1 disease progression, the level of TH1 profile cytokines: Interleukin-2 (IL-2) and INF-gamma has been shown to be decreased and the level of TH2 immune cytokine profile: Tumour necrosis factor-alpha (TNF-α), IL-1, IL-4, IL-6, IL-8, and IL-10 shown to be increased. [1] Among HIV infected individuals, the imbalance between TH1 and TH2 cytokine profiles is associated with enhanced severity
Materials and Methods
The study was carried out at the Department of Clinical Virology of a Tertiary Care Hospital in South India with the approval from its Institutional Review Board. All the individuals were recruited into the study after obtaining informed consent. All the antiretroviral therapy (ART) naive HIV infected study subjects were categorized into two groups based on CD4 counts; group-1 <300 cells/µl and group-2 >350 cells/µl. 9 ml of whole blood was collected in a sterile K2 EDTA BD vacutainers (New Jersey, USA) from HIV infected and normal healthy individuals. The whole blood samples were stored in multiple aliquots of 400 µl at −70°C until testing. The PBMCs were processed using the Ficoll-Paque (GE Healthcare, Uppsala, Sweden) and stored at −70°C for a maximum period of 8 months until testing. [6] The CD4 + T cell counts for all the study participants were performed using the standard procedures by BD FACS Count System with FACS Count CD4/CD4 SW, Version 1.0. [7] The detection and quantitation (DNA) of opportunistic viruses was done as reported earlier. [8] mRNA extraction from peripheral blood mononuclear cells and DNase treatment mRNA was extracted from PBMCs using RNA easy mini kit (Qiagen, Hilden, Germany). The extraction was carried out strictly as per the manufacturer's instructions. The eluted mRNA was immediately processed by DNase I treatment to remove possible contaminating DNA followed by cDNA synthesis.
Reverse transcription
cDNA synthesis was performed in a reaction volume of 15 µl in duplicate containing 20 picomoles of 2 µl random primers (InVitrogen, USA), 20 units of 0.5 µl RNase OUT inhibitor (InVitrogen, USA) 4 µl of ×5 first strand buffer (InVitrogen, USA), 2 µl of dithiothreitol, 0.8 µl of dNTPs, 0.2 µl of M-MLV reverse transcriptase and 5 µl of treated RNA. Reverse transcription was carried out in a thermal cycler (Veriti, Applied biosystem, USA) at 37°C for 60 min and the reaction was terminated at 95°C for 5 min.
Cytokine quantitative real time polymerase chain reaction
The cytokine quantification was carried out for all the four cytokines, TNF-α, INF-gamma, IL-10 and IL-21 by real time polymerase chain reaction (PCR) based on the TaqMan principle following the same methodology as reported earlier. [8] The primers and probes for the quantification were chosen from the previously published literature. [9, 10] The endogenous retrovirus-3 (ERV-3) quantitation was done for all the study samples and the copy number calculated for the cytokines was based on the ERV-3 copies per 10,000 cells. [8] The same protocol used for cytokine quantification was also followed for ERV-3 quantitation. [8] Human immunodeficiency virus sub typing Among the 64 samples, randomly collected 35 (55%) samples were subjected to pol PCR (1800 bp). The analysis and interpretation of HIV-1 sub typing determined based on the sequencing of PCR amplified products targeting pol region using the REGA HIV-1 subtyping tool -version 2.0 in HIV drug resistance stanford data base (http://www. hivdb.stanford.edu).
Statistical analysis
The two-tailed t-test probability and Welch test (for assuming the unequal variance of the independent sample) were used to analyse the difference in copies level between cytokines among two groups of HIV-1 infected individuals and controls. Spearman's coefficient of rank correlation test was used for comparison of cytokines, CD4 counts, EBV and CMV load. All the statistical analysis was done using the medical software version 9.2.0.1. (http://www.mescalc. be). A P < 0.05 was considered as significant.
Results
Among the 32 HIV-1 infected individuals who were stratified based on the CD4 counts of >350 cells/µl, 16 were female (mean age ± standard deviation [SD] 34.5 ± 6.0 years) and 16 were male (mean age ± SD 36.8 ± 7.9 years). The 32 HIV-1 infected individuals who had a CD4 counts with <300 cells/µ l, 11 were female (mean age ± SD 41.1 ± 12.0 years) and 21 were male (mean age ± SD 41.6 ± 9.5 years). Among the 20 healthy controls, 9 were female (mean age ± SD 33.6 ± 3.5 years) and 11 were male (mean age ± SD 33.2 ± 2.4 years). All the 35 (100%) studied HIV strains were HIV-1 subtype C.
The multiplex real time PCR showed positive for viruses such as EBV, CMV, human herpesvirus-6 (HHV-6) and BK virus in whole blood samples while viruses such as herpes simplex virus-1 (HSV-1), HSV-2, varicella-zoster virus, HHV-8, adenovirus and JC virus were negative. The real time multiplex PCR percentage positivity of opportunistic viruses from the whole blood samples in the HIV infected and healthy individuals is shown in Table 1 .
The mRNA expression of all the 4 cytokines were significantly higher in both groups of HIV infected individuals compared to healthy controls (P = 0.0004-0.01). The INF-gamma and IL-10 levels in HIV-1 infected individuals with CD4 counts <300 cells/µl was significantly higher compared to group with CD4 counts >350 cells/µl (P value range from 0.05 to 0.005). The mRNA expression of various cytokines in un-stimulated PBMC among the controls and HIV-1 infected individuals are shown in Table 2 and Figure 1 .
The viral load levels of EBV and CMV in whole blood samples was also analysed to assess the association between the expressions of cytokines. Since the positive samples Indian Journal of Medical Microbiology vol. 34, No. 1 with HHV-6 and BK viruses were very few no analysis was carried out on these two viruses. All CMV positive individuals are having CD4 counts <300 cells/µl were identified as WHO clinical stage III and IV. The viral load levels of EBV and CMV was decided to have a cut-off of 1000 copies/ml in this study as in transplant patients who were immunosuppressed a copy number of 1000 copies/ml was considered as significant for CMV viral load. The expression of IL-21 showed a significantly higher level (P = 0.01) in individuals with CMV viral load <1000 compared to those with CMV load of >1000 copies/ml. The other cytokines fail to show a significant difference in the expression between the two viral load groups.
The overall correlation was estimated between each cytokine and other parameters such as CD4 counts, EBV and CMV viral load among all HIV infected individuals. IL-21 expression showed a significant positive correlation with CD4 + T cell counts (r = 0.26, P = 0.03) and interferon-gamma IFN-γ (r = 0.50, P = 0.0001) while significant negative correlation with CMV viral load (r = −0.28, P = 0.02). IL-10 expression showed a significant positive correlation with IFN-γ (r = 0.53, P = 0.0001) and TNF-α (r = 0.56, P < 0.0001) and a negative correlation with CD4 counts (−0.25 P = 0.04). EBV and CMV viral load showed significant negative correlation with CD4 counts (r = −0.34, P = 0.006 and r = -0.62, P ≤ 0.0001, respectively). This data are shown in Table 3 .
Discussion
The study reported here is on the expression of 4 cytokines in un-stimulated PBMC from HIV infected individuals and its association with CD4 + T cell counts and the concurrent opportunistic DNA viral infections with two major opportunistic DNA viruses such as EBV and CMV. There was a significant negative correlation observed for IL-10 cytokine expression with CD4 + T counts which may attributed to the shift toward the TH2/TH0 cytokine profile when the HIV infected individuals progress with the loss of CD4 + T cells. [11] In the study reported here there was a significantly higher mRNA expression of IFN-γ in individuals with lower CD4 + T cell counts but the correlation with CD4 + T cell count was not significant. A previous study reported from our centre showed a significantly higher plasma IL-10 concentration among HIV infected individuals compared to normal healthy controls. However, there was no significant correlation of plasma IL-10 concentration with CD4 + T cell counts. That study also showed a significant negative correlation of plasma IFN-γ with CD4 + T cell absolute count and a positive correlation with plasma RNA levels (P = 0.017). [11] A recent study from Mumbai had detected the mRNA levels of cytokines like TNF-α, INF-gamma, IL-10 and IL-4 in un-stimulated PBMC samples from HIV infected children by a semi-quantitative assay. They reported an increase in the IL-10, TNF-α expression with progression of disease while a decrease of INF-gamma mRNA expression with the HIV disease progression. [12] There are studies which have reported that the level of IL-21 decreased during the HIV disease progression. [6, 13, 14] In one study, where in both longitudinal and cross-sectional data on the IL-21 production was analysed in HIV infected individuals from different clinical stages showed that only the Elite controllers (long-term non-progressors in whom viral load is undetectable) maintain normal production of the IL-21 cytokine and in individuals who were on highly active antiretroviral therapy (HAART) it was partially restored. The study also reported decreased serum levels of IL-21 in HIV infected individuals compared with that observed in HIV sero-negative healthy subjects. [13] Our study also showed a significant decrease in the expression of IL-21 levels in HIV infected individuals with CD4 counts <300 cells/µl when compared to individuals with CD4 counts >350 cells/µl and also showed a positive correlation (r = 0.26, P = 0.03) with CD4 counts.
Most of the cytokine expression studies among HIV infected individuals were done using the stimulated PBMC because cytokines are detectable at the protein level only after the stimulation of these cells due to their short half-life. In contrast, measuring the cytokine mRNA expression in un-stimulated PBMC gives the exact information about that particular stage of infection and reflects on the in vivo cytokine production. [15] Imami et al., from UK had utilized the un-stimulated PBMC for the assessment of cytokine expression of IFN-γ, IL-2, IL-4 and IL-10 in HIV-1 infected individuals before and after the initiation of HAART. This study observed a continuous increase in IFN-γ and IL-2 mRNA expression as well as the significant reduction in HIV viral load and increase in CD4 + T cell counts following HAART. [16] It shows that carrying out the mRNA expression on un-stimulated PBMC will give the real time status of the infection. In our study, we have estimated the cytokines by looking at the mRNA expression in un-stimulated PBMCs and found almost similar findings related to cytokine mRNA expression and disease stage. Few limitations of this study were HIV-1 viral load data was not available for all the study participants and no attempt was made to look at any opportunistic bacterial/parasitic/fungal infections in these individuals.
Conclusion
The present study is one of the few to report changes in the cytokine levels in un-stimulated PBMCs as measured in mRNA avoiding the inherent problem of measuring plasma levels which are likely to be affected by moiety decay and antibodies to cytokines and soluble receptors which mop-up the free cytokines that interfere with in vitro assay. [17] This study also showed the importance of IL-21 cytokine levels as a reliable biomarker for the progression of the disease and also adding new information on cytokine and viral opportunistic infections among ART naive HIV-1 subtype C infected individuals.
